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The purpose of our research was to determine cultural properties and cultural conditions
of the infectious bovine rhinotracheitis virus of “BM” strain. Sensitivity of different cell
lines to IBR virus was studied. The most effective system for cultivation of IBR virus turned
MDBK cell line. Optimum multiplicity of infection was 0.01 TCD50/cell in which infectious
virus replication activity is the highest. The research work proved that influence of
maintenance medium and the presence of serum had no effect on the virus productivity. It
was also proved that the method of infection significantly effects on intensity of accu-
mulation of the virus.
© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).Introduction
An examination of farms in various regions of Ukraine
demonstrated that almost half of the cattle population is
seropositive against infectious bovine rhinotracheitis virus
(IBR) [1]. It's a well-known fact: vaccination is one of the most
effectiveways of preventing IBR in cattle industry. It should be
mentioned that success of vaccine prevention depends on the
type and quality of applied preparations. In the process of
developing a vaccine preparation first important stage is a
proper selection of system and certain culture conditions
which could provide reception virus with high infectious and
antigenic activity.
Virus multiplies in primary cultures of embryonic kidney
cells of cattle and calf testes [2]. However, primary culture
cells typically could not be applied for reproduction, titration
and storage, as well as for the production of vaccines, becausekr.net (M. Hulyanych).
Annals of Agrarian Scien
eorgia. Production and h
org/licenses/by-nc-nd/4.0they are not stable and require significant efforts andmight be
often contaminated by extraneous agents. Therefore, re-
searchers adapted strains IBR virus to stable diploid and
continuous cell lines. For the cultivation of IBR virus different
tissue culture cells from cattle, sheep, goats, less e pigs and
guinea pigs were used [2e4].Objectives and methods
Based on the foregoing, the purpose of our research activity
was to optimize the culture conditions of vaccine virus IBR
strain “BM”. The virus was isolated in Ukraine in 2014 from a
calf with symptoms of IВR.
While determining the cultural properties of the virus IBR
strain “BM”we used native viral material, which was kept at a
temperature of minus 76 ± 0.5 C. We performed our research
under stationary conditions in continuous cell cultures. Wece.
osting by Elsevier B.V. This is an open access article under the CC
/).
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3 (50% tissue culture
infective dose) and if necessary made additional dilution. Cell
line monolayer grew up in 1e2 days at 25 and 75 cm2culture
flasks was previously washed with a Hank's solution from
growth medium. Content diluted virus suspension was added
to cell culture, and exposed for 1 h at 37 ± 0,5 C. After that
virus was removed and monolayer washed once, in culture
flasks with cell culture was added 10e30 cm3 maintenance
medium. Further infected cells were observed under a mi-
croscope daily to assess the cytopathic effect (CPE) of the
virus. The infected cells were incubated at 37 ± 0,5 C until
destruction of monolayer area reached not less than 70e80%.
The cells were once frozen, after defrosting was performed
collecting viral suspension, followed by sampling for excep-
tion of microbial and fungal contamination, and determined
the infectious activity of the virus by titration in cell culture.
Obtained material was again frozen and stored at minus
22e25 C up to obtain test results. We applied the Reed-
Muench method in order to calculate the titer of infectious
activity of the virus [5].Results and analyses
We studied sensitivity different continuous cell lines to IBR
virus strain “BM” and its intensity of accumulation depending
on cell lines. Determine the level of virus accumulation in
MDBK cell culture depending on the infective dose (multi-
plicity of infection), type of maintenance medium and other
factors.
Sensitivity of various continuous cell lines for IBR virus. In our
research work we used the following cell lines: MDBK, RK-13,
RCC, BHK-21, ST, СПЭВ (swine embryonic kidney cells), Vero.
Virus in each cell culture was cultivated during 3 passages.
Results are presented in Table 1.Table 1 e Sensitivity of various continuous cell lines for IBR vi
Cell culture N passage Manifestation of CPE In
MDBK 1 þ
2 þþþ
3 þþþþ
RK-13 1 þ
2 þþ
3 þþþþ
RCC 1 þ
2 þþ
3 þþþþ
BHK-21 1 e
2 e
3 e
ST 1 e
2 e
3 e
СНЭВ 1 e
2 e
3 e
Vero 1 e
2 e
3 eAnalysis of the Table 1 demonstrates that IBR virus strain
“BM” was reproduced in cell lines MDBK, RK-13 and RCC.
However, MDBK has appeared the most sensitive cell line,
manifested expressive virus CPE from the first passage and
at the third passage accumulated in the titer 7.9 ± 0.2
lgTCD50/cm
3. In cell cultures RK-13 and RCC infectious virus
activity was relatively not high 5.7 ± 0.21 and 6.46 ± 0.25 lg
TCD50/cm
3, respectively. In the cell lines BHK-21, ST, Vero
and СНЭВ IBR virus was not reproduced. Therefore, as a
biological system for the cultivation of IBR virus strain “BM”
was chosen continuous cell culture of bovine kidney e
MDBK.
Cytopathic effect of the IBR virus in the cell line MDBK (Fig. 1)
was characterized by appearance of rounded cells detach
from the surface and moved into the maintenance medium.
Previously tight cell monolayer formed area free from cell e
“window” in the monolayer, “islands” of cells that remained
attached in a state of “strands” joined together.
Accumulation of the IBR virus in MDBK cell culture at different
multiplicity of infection. For this purpose MDBK culture, grown
in culture flasks were infected with virus at doses: 1.0; 0.1; 0.01
and 0.001 TCD50/cell and incubated at 37 ± 0,5 C. Infected
culture was incubated under these conditions until the
monolayer destruction at least 70e80%, with the following
freezing at minus 22e25 C.After defrosting, activity of the
suspensions virus was determined by titration in the MDBK
cell culture. Results of accumulation IBR virus according to
infection dose shown in Table 2.
Data in the Table 2 show that at a multiplicity of infection
of 0.01 TCD50/cell at 40e48 h virus activity in suspension
reached 8.1 ± 0.15 lg TCD50/cm
3 with the manifestation of CPE
at 70e90% of the monolayer surface. With a multiplicity of
infection 0.1 and 1.0 TCD50/cell virus accumulation was faster,
but the activity in this case was lower and did not exceed
7.8 ± 0.23 and 7.7 ± 0.25 lg TCD50/cm
3, respectively. Withrus (M ±m; n ¼ 3e5).
cubation time, hours Infectious activity, lg TCD50/cm
3
42e50 6.5 ± 0.1
36e40 7.2 ± 0.13
20e24 7.9 ± 0.2
48e52 3.7 ± 0.21
40e45 5.65 ± 0.12
38e45 5.7 ± 0.21
45e50 2.5 ± 0.20
45e48 5.36 ± 0.11
30e38 6.46 ± 0.25
120 0
120 0
120 0
120 0
120 0
120 0
120 0
120 0
120 0
120 0
120 0
120 0
Fig. 1 e Monolayer of MDBK cell line: a e not infected cells; b e infected cells after 24 h of incubation; c e infected cells after
40 h of incubation.
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3 virus titer reaches
8.0 ± 0.18 lg TCD50/cm
3, but the cultivation time increased by
average 12 h.
Accumulation of virus according to the type of medium.
Followingmediumwere used in experiments to determine theTable 2 e Influence of multiplicity of infection MDBK cell
culture on the level of virus accumulation (M ±m; n ¼ 6).
Multiplicity of
infection, TCD50/cell
Incubation
time, hours
Infectious activity, lg
TCD 50/cm
3
1.0 16e22 7.7 ± 0.25
0.1 24e35 7.8 ± 0.23
0.01 40e48 8.1 ± 0.15
0.001 52e60 8.0 ± 0.18
Table 3 e Accumulation of virus in MDBK cell culture
according to the type of mediuma (M ±m; n ¼ 6).
Medium Manifestation of
CPE
Infectious activity, lg
TCD50/cm
3
199 þþþþ 7.82 ± 0.16
DMEM þþþþ 8.0 ± 0.11
RPMI þþþþ 7.9 ± 0.2
DMEMþ199 þþþþ 7.93 ± 0.2
DMEM þ RPMI þþþþ 8.0 ± 0.16
Hank's
solution
þþþ 6.5 ± 0.11
a Multiplicity of infection of 0.01 TCD50/cell.
Fig. 2 e Reproduction of IBR virus dependence on seffect of different support medium for the reproduction of the
virus: 199, DMEM, RPMI, DMEM þ RPMI (1:1), DMEMþ199 (1:1),
and Hank's solution. Our research was conducted in cell cul-
ture MDBK with multiplicity of infection 0.01 TCD50/cell.
Activity of virus was determined by titration in MDBK cell
culture using experimental medium. The test results are
presented in Table 3.
Analyzing Table 3 we may affirm, the most active virus
accumulation observed using culture medium DMEM þ RPMI
and DMEM, where infectious titer was 8.0 ± 0.16 lg TCD50/cm
3
and 8.0 ± 0.11 lg TCD50/cm
3, respectively. The lowest infec-
tious titer was observed in the test with Hank's solution
6.5 ± 0.11 lg TCD50/cm
3, while also observed not clear mani-
festation of CPE as when using other medium. It might be
concluded if you want to receive viral suspension with the
greatest biological activityit would be advisable to use a cul-
ture medium DMEM þ RPMI and DMEM.
Reproduction of IBR virus dependence on serum type in culture
medium. The study of the accumulation of IBR virus was car-
ried out using different types of blood serum: bovine serum
(BS), fetal bovine serum (FBS) and horse serum (HS). We car-
ried out our research in cell culture MDBK with multiplicity of
infection 0.01 TCD50/cell.We used DMEM þ RPMI medium
without addition of serum as control. Results are summarized
in Fig. 2.
Fig. 2 demonstrates, obtained results of test samples hardly
differ from the control. This permits asserting that the addi-
tion of serum has no effect on virus replication in cell culture
MDBK, therefore it is not appropriate to enter serum in pro-
cess of manufacture virus suspension.erum type in culture medium (M ± m; n ¼ 5).
Fig. 3 e Influenceinfectionwayonreproductionofthevirus IBR (M ± m; n ¼ 4).
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For optimization of virus cultivation conditions we studied
various methods of infection in cell culture MDBK. For this
purposewe added IBR virus in dose 0.01 TCD50/cell in the fully-
formed monolayer and suspension of MDBK cell culture.
Accumulation of virus was expressed in lg TCD50/cm
3.
Research results are presented in Fig. 3.
From Fig. 3 follows that infection into fully-formed
monolayer of cell titer was average on 0.5 lg TCD50/cm
3
higher than infection into a suspension of cell. By increase
passages in quantity did not increase virus titer significantly.Сonclusion
Was optimize the culture conditions of vaccine virus IBR
strain “BM”, that was isolated in Ukraine in 2014. The most
sensitive to IBR virus cell line among all tested proved
continuous kidney bovine cell lines - MDBK. Infectious bovine
rhinotracheitis virus causes clear, repeatable picture of cyto-
pathic effect in MDBK cell line. Cytopathic effect of the virus
IBR in MDBK cell line was characterized by the appearance of
rounded cells, which later detaches from substrate andmoved
into medium, and was replaced by formed cell free area e
“window” in themonolayer. Infection ofmonolayer MDBK cell
cultures at dose of 0.01 TCD50/cell after 40e48 h causedintensive accumulation of IBR virus in titer 8.1 ± 0.15 lg TCD50/
cm3.
It should be noted that on reproduction of virus most
favorably affected the presence ofmaintenance DMEMþ RPMI
and DMEM medium (preparation of virus suspension optimal
medium is without addition of 2% serum). Serum addition did
not demonstrate favorable effect on increasing infectious ac-
tivity of viral material.r e f e r e n c e s
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